ABSTRACT N-(guanosin-8-yl) acetylaminofluorene (Guo-AAF) was prepared by the reaction of N-acetoxy-N-2-acetylaminofluorene (AAAF) and guanosine. Antibodies to Guo-AAF were elicited in rabbits by immunization with bovine serum albuminGuo-AAF conjugate. The antibodies were purified by affinity chromatography on a Sepharose-Guo-AAF column. The reactivity of these antibodies towards several ligands was studied by radioimmuno assay. The antibodies have the same affinity for double stranded DNA-AAF and single stranded DNA-AAF. Thus the geometry of the regions of DNA substituted by AAF residues is the same in native and denatured DNA. The affinity of the antibodies is smaller for DNA-AAF than for Guo-AAF. This can be due in part to the stacking of AAF residues with the adjacent bases as shown by the study of the interactions between the antibodies and AAF-oligonucleotides. The circular dichroism spectra of AAF-oligonucleotides bound to the antibodies are reported.
INTRODUCTION
It is known that several carcinogens can covalently bind to deoxyribonucleic acid (DNA). This covalent binding can modify the conformation of the DNA and thus alter various functional properties. It has often been assumed that these modifications are important in the carcinogenic pathways (see recent general review (1) ). The physico-chemical properties of DNA modified in vitro by the reaction with the carcinogen N-acetoxy-N-acetylaminofluorene (AAAF) have been studied 'general reviews (1-2)). A model has been proposed in which the covalent binding of AAF residues to guanine results in a local distortion of the double helix with the AAF residues lying inside the double helix and the guanine residues outside (base displacement model and insertion-denaturation model).
We are interested in the use of specific antibodies to localize the distorted regions in modified DNA. We recently reported that rabbits immunized with double stranded DNA modified by AAAF (ds DNA-AAF) produced specific antibodies which reacted with DNA-AAF and not with the unmodified DNA (4) (5) . Moreover we found that these-purified antibodies bind to GMP-AAF, single stranded DNA-AAF (ss DNA-AAF) and ds DNA-AAF with about the same affinity. It was concluded that the conformation of the regions of ss and ds DNA substituted with AAF residues were the same and that the dGMP-AAF residues were accessible in DNA-AAF (the immunodeterminant group was the dGMP-AAF residue).
On the other hand, Poirier et al. (6) have recently reported that rabbits immunized with the conjugate bovine serum albumin-guanosine AAF (BSA-Guo-AAF) produced specific antibodies to Guo-AAF. The affinity of these antibodies for Guo-AAF and DNA-AAF was different (the affinity was : Guo-AAF >> ss DNA-AAF > ds DNA-AAF). It was concluded that these results could be explained because the AAF residues lie inside the double helix and are presumably shielded from optimum interaction with the antibodies.
Because of the possible importance of the distortion of DNA in the carcinogenic process, it seemed to us of interest to well characterize this distortion by the immunolovical method. In this paper we report some results on the reactivity of antibodies to Guo-AAF. The interactions between these antibodies and several ligands (DNA-AAF, modified nucleosides and oligonucleotides) have been studied by radioimmuno assays, ultraviolet absorption and circular dichroism.
MATERIALS AND METHODS
The preparation of the following products, double stranded DNA-AAF (ds DNA-AAF), single stranded DNA-AAF (ss DNA-AAF), N-(guanosin-8-yl) acetylaminofluorene (Guo-AAF), N-(guanosine-5'-monophosphate-8-yl) acetylaminofluorene (GMP-AAF), N-(guanosine-5'-monophosphate-8-wl) aminofluorene (GMP-AF) hasbeen already described (5) . The percentage of modified bases in DNA-AAF will be given into brackets. Dinucleoside phosphates(ApG and GpA) purchased from Sigma and trinucleotides (ApApG and ApGpC) purchased from P.L. Biochemicals, were treated with AAAF and purified as described (7) (8) . The modified guanine residues in the oligonucleotides will be marked with an asterisk. The concentration of AAF derivatives was determined from the ultraviolet absorption spectrum (8) . N-hydroxy-N-2-acetylaminofluorene (N-OH-AAF) was a gift of Dr SaintRuf.
Bovine serum albumin-Guo-AAF conjugate (BSA-Guo-AAF) was prepared according to the method of Erlanger and Beiser (9) with slight modifications. To Guo-AAF dissolved in 1.7 ml (10 mM sodium acetate pH 5) plus 0.3 ml ethanol was added 0.1 ml sodium periodate (0.1 M) and the solution kept in the dark for 20 minutes. A few drops of 1 M ethylene glycol were added and after 10 minutes the solution was mixed with bovine serum albumin (15 mg dissolved in 1 ml sodium carbonate buffer pH 10). The pH was adjusted at 9.5-10. After 2 hours, 10 mg sodium borohydrure were added. The solution was kept at 4°C for 2 hours and then exhaustively dialyzed against 0.1 M NaCl. Freund's adjuvant. The injections were done at weeks 0, 1, 2. The rabbits were bled at week 3 (first bleeding). A booster was given at week 6, the conjugate being emulsified in incomplete Freund's adjuvant. The rabbits were bled at week 7. A second boostar was done at week 10 and the rabbits bled at week 11.
RESULTS

Antigen
In figure 1 , the ultraviolet absorption spectra of BSA, Guo-AAF and BSAGuo-AAF conjugate are shown. The spectra of Guo-AAF and BSA-Guo-AAF conjugate are different above 305 nm, region where only the AAF residues absorb. The modifications of the absorbance of the conjugate in this region were due to the treatment with NaBH4. The different steps of the preparation were followed by absorption. The spectrum of Guo-AAF in the range 305-320 nm was unchanged by the addition of NaI4 and then BSA. After the addition of NaBH4 the mixture began to absorb above 320 nm, the absorbance increasing slowly as a function In the preparation of the stock solution of the conjugate, the reduction was done during 2 hours. The product kept in the cold was stable. There was no change of the absorption spectrum over a period of 3 months. As it will be discussed later, we think that some AAF-guanine residues were transformed in AF-guanine rRsidues. After purification of the antibodies, it will be shown that their affinity is the largest for Guo-AAF. Purification of the antibodies The antibodies to Guo-AAF were purified on a Sepharose-Guo-AAF column. The serum (3 ml) was applied on the column (1 ml). The column was washed with 1 M NaCl, 5 mM Tris-HCl pH 7.5 until the absorbance at 280 nm was less than 0.04. The antibodies were eluted with 1 M acetic acid at 4°C. After neutralization, the antibodies were applied on a Sephadex G 200 column. Almost all the proteins were eluted in a single peak.
By immunodiffusion, the proteins of the antiserum were found to react with BSA, BSA-Guo-AAF and ss DNA-AAF (7.2 %). The (GMP-AF) decrease the affinity (as compared to Guo-AAF).
The affinity of the modified di-and trinucleotides depends upon the sequence. GpA reactsas GMP-AAF while Ap G reactsless. ApAp G reactsas Ap G and slightly better than Ap GpC.
The affinity of the antibodies towards modified DNA was independent of the conformation of DNA. The same results were found with ds DNA-AAF (6.7 %) and ss DNA-AAF (prepared by the reaction of AAAF with ss DNA or by heat denaturation of ds DNA-AAF).
These experiments were done in 0.15 M NaCl. Similar results were obtained in 1 M NaCl with GMP-AAF and DNA-AAF.
Inhibition experiments were also done with the purified antibodies from the second and third booster and modified DNA. In the three cases, ss DNA-AAF and ds DNA-AAF gave the same results. At 50 % inhibition, loc c(DNA-AAF) -loc c(Guo-AAF) was 2.1, 2.7 and 3 for the first, second and third bleeding respectively. Also log c(N-OH-AAF) -log c(Guo-AAF) was 2 and 4 for the first and the third bleeding, respectively.
Absorption spectra
In figure 3 are reported the difference spectra antibodies plus ligands, antibodies and ligands. Three ligands GMP-AAF, GpA, Ap*G have been studied.
The three difference spectra are qualitatively similar. Of interest is the positive band centered at 312 nm, region where only the AAF residues absorb.
Circular dichroism
In figure 4 , we have reported the circular dichroism spectra of the antibodies and of the free ligands (GMP-AAF, GpA, Ap G, ApAp G and Ap*GpC 
DISCUSSION
In this work, we report some results on the reactivity of the antibodies to Guo-AAF.
Rabbits were immunized with bovine serum albumin-Guo-AAF conjugate. The ultraviolet spectrum of the conjugate shows that some AAF residues have been modified. The red shift of the spectrum might be due to the formation of some Guo-AF residues. It is known that the acetyl groups in Guo-AAF derivatives can be removed by weak alkali and that Guo-AF derivatives absorb at 350 nm (13) .
The antibodies were purified by affinity chromatography on a SepharoseGuo-AAF column. It has been verified that the unbound proteins did not react with DNA-AAF. Moreover, because of the similitude between the ligand of the affinity column and the hapten, one can assume that all the anti-Guo-AAF antibodies were retained on the affinity column. Almost all the purified antibodies were immunoglobulins G. The antibodies cross react with several lig,ands, but have the largest affinity for Guo-AAF. It can be concluded that the antibodies are mainly directed against the acetylated derivative.
The main result of this work is that the antibodies bind to ds modified DNA and to ss modified DNA with the same affinity. This is deduced from the radioimmuno assays. The accessibility of the hapten is the same in ds and ss modified DNA. Therefore the geometry of the regions with covalently bound AAF residues in ds DNA is identical to that of the regions with covalently bound AAF residues in ss DNA. This is in good agreement with our previous conclusions obtained with the antibodies to DNA-AAF. On the other hand, Poirier et aZ. (6) found that the antibodies to Guo-AAF bind with less affinity modified ds DNA than modified ss DNA. A reason for the discrepancy between their results and ours might be that our samples were much less modified (about 7 %) than their samples (about 28 %). In their conditions, one antibody binding site might cover more than one modified base and in ds DNA-AAF, the binding of an antibody on one strand might prevent by steric hindrance the binding of an antibody on the opposite strand.
We found that the antibodies to Guo-AAF have much less affinity for DNA-AAF than for Guo-AAF, in agreement with the results of Poirier et a1. (6) . However, this is not a proof as they suggested that the bound AAF residues lie inside the double helix.
We have already reported that the association constants for the binding of anti-adenosine antibodies to adenosine and to single stranded poly(A) (11) or for the binding of anti-inosine-5'-monophosphate antibodies to inosine-5'-monophosphate and to single stranded poly(I) (14) were very different (the ratio K nucleoside(tide) over K polynucleotide was about 100). At least two factors can explain the smaller affinity of the antibodies to an hapten in a macromolecule. These two factors are the stacking interactions and the flexibility of the polymer chain. Depending upon the shape and the depth of the antibody binding site (15, 16 ) the latter factor might be important. It is known that the phosphodiester backbone of single-stranded polynucleotide is relatively rigid (17) (18) (19) . On the other hand we looked at the effect of stacking by the study of the interactions between the antibodies and modified oligonucleotides. The results presented in figure 2 show that the affinity of the antibodies differsaccording to the sequence of the modified oligonucleotides. The circular dichroism spectra of the modified oligonucleotides are different. These results are in agreement with those already published (8, 20) .
They can be understood assuming that the AAF residues are stacked with the adjacent bases and that the induced activity in AAF residues is very sensitive to the nature of adjacent bases (purine or pyrimidine). The band centered at about 290 nm is more intense in Ap*G than in GpA. We found that the inhibition of Guo-AAF binding is larger with GpA than with Ap G. The results with the trinucleotides are also in agreement with these effects.
The stacking interactions can explain in part the decrease of affinity of the antibodies to modified oligonucleotides as compared to Guo-AAF. It should be noted that the importance of the two effects (stacking, flexibility of the polymer) could differ as a function of the number of boosters.
The AAF residues are important in the formation of the complexes. N-OH-AAF interacts with the antibodies (the interaction is much weaker with the antibodies of the third bleeding) while GMP interacts very weakly. The AAF residues are close to the amino acids residues of the binding site as it is also shown by the absorption and circular dichroism spectra. To a first approximation, the difference spectra with the three ligands (GMP-AAF, Ap G, GpA) are similar. In particular, there is a large positive band centered at 312 nm (in this region only the AAF residues absorb). Also the circular dichroism spectra of the bound GMP-AAF, GpA, ApAp*G and Ap GpC present several similarities. The first band at long wavelengths in the spectra of the free ligands is negative. The spectra of the bound ligands have a positive band.
These spectra have a second positive band centered at about 270 nm. The intensities of these bands are of the same order of magnitude while the intensities of the bands of the free ligands are very different.
It is interesting to compare these results to those obtained with the antibodies to DNA-AAF (5) . N-OH-AAF was found to interact very weakly with these antibodies. There was no experimental evidence showing that the AAF residues interact with the antibodies (however, it has to be pointed out that GMP-AAF interacts more strongly than GMP alone). On the other hand, the difference absorption spectra (antibodies-GMP-AAF) and the circular dichroism spectra (bound GMP-AAF or bound DNA-AAF) present several similarities with those presented in this work. We can now conclude that antibodies to Guo-AAF and antibodies to DNA-AAF interact with the AAF residues. Thus the AAF residues are accessible to the antibodies even in ds DNA-AAF. This can be possible because the AAF residues are not completely buried in the polynucleotide structure and/or because the dGMP-AAF residues can rotate.
In conclusion, the results obtained with antibodies to Guo-AAF and antibodies to DNA-AAF are in good agreement. Experiments are in progress in the laboratory to study the interactions between ds DNA-AAF and antibodies to nucleosides.
